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INTRODUCTION 

Several  sets  of  experimental  firings  of  small,  blunt-nosed  cylindrical  steel  projectiles 
against  semi-infinite  simulated  concrete  and  thin  steel  plate  targets  at  normal  incidence  and 
obliquity  have  been  previously  reported.1 2 3*4  This  report  describes  firings  of  similar  projectiles 
against  simulated  reinforced  concrete  slabs.  Slab  thicknesses  ranged  from  one  to  ten 
projectile  diameters.  Both  unfilled  projectiles  and  projectiles  filled  with  an  explosive 
simulant  (plasticine)  were  used.  Firings  were  made  at  three  nominal  impact  velocities  (1,800, 
2,100,  and  2,400  ft/s)  selected  to  produce  slight,  moderate,  and  severe  bulging  of  the 
projectiles,  respectively.  Impacts  were  at  normal  incidence  and  45  degrees  obliquity. 

The  purpose  of  these  firings  was  to  collect  data  regarding  the  deformed  shapes 
(increase  in  radius  at  nose,  increase  in  radius  at  cavity  bulge,  and  decrease  in  length)  and  the 
exit  velocities  (penetration  depths  where  perforation  did  not  occur)  of  the  projectiles  that  can 
be  used  for  verification  of  a  new  technique  for  the  finite  element  modeling  of  the  structural 
response  of  blunt  projectiles  to  impact  against  slab  targets.  A  report  describing  this  new 
technique  (the  target  plug  approach)  is  being  written. 


DESCRIPTION  OF  EXPERIMENTS 


PROJECTILES 

The  test  projectiles  were  flat-fronted,  hollow  steel  cylinders,  2  inches  long  and  0.5  inch 
in  diameter,  having  an  internal  cavity  with  a  hemispherical  front  end.  The  front  of  the  cavity 
was  0.25  inch  from  the  front  of  the  projectile  and  the  cavity  wall  was  0.04  inch  thick.  The 


1  W.  J.  Strongs  and  J.  C.  Schulz.  "Projectile  Impact  Damage  Anatyiis,”  in  Papers  Presented  at  the 
Symposium  on  Computational  Methods  in  Non-linear  Structural  and  Solid  Mechanics,  Arlington,  Virginia,  6-8 
October  i960,  ed.  by  Ahmed  K.  Noor  and  Harvey  C.  McComb,  Jr.  New  York,  Pergamon  Press,  1981 .  (Also  published 
as  special  issue  of  J.  Computers  and  Structures,  Vol.  13,  No.  l-2(1981),pp.  287-294.) 

2  Naval  Weapons  Center.  Survivability  of  Ptnetraiors  With  Circumferential  Shear-Control  Grooves,  by  J.  C. 
Schulz  and  O.  E.  R.  Heimdahl.  China  Lake,  Calif.,  NWC,  April  1981.  (NWC  TP  6275,  publication  UNCLASSIFIED.) 

3  Naval  Weapons  Center.  Oblique  Impact  Projectile  Damage,  by  J.  C.  Schulz  and  O.  E.  R.  Heimdahl.  China 
Lake,  Calif.,  NWC,  January  1 982.  (NWC  TM  4695,  publication  UNCLASSIFIED.) 

4  Naval  Weapons  Center.  Effects  of  Longitudinal  Grooves  on  Survivability  of  Cylindrical  Steel  Projectiles 
Fired  Against  Simulated  Concrete  Targets,  by  O.  E.  R.  Heimdahl  and  J.  C.  Schulz.  China  Lake,  Calif,  NWC, 
November  1982.  (NWC  TP 6402,  publication  UNCLASSIFIED. 
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projectiles  were  machined  from  4340  steel  rods  and  were  heat-treated  to  a  Rockwell  "C” 
hardness  of  38-40.  Half  of  the  projectiles  were  filled  with  plasticine  (a  wax-based  modeling 
material)  and  half  were  left  unfilled.  A  cross-sectional  view  of  a  filled  projectile  is  shown  in 
Figure  1.  The  unfilled  projectiles  were  similar  except  for  the  absence  of  the  filler.  The 
projectiles  were  plated  with  a  thin  layer  (about  0.0005  inch)  of  copper  to  reduce  abrasion  of  the 
gun  barrel. 


SLAB  TARGETS 

The  simulated  reinforced  concrete  slab  targets  were  made  of  Thorite  (registered 
trademark  of  Standard  Drywall  Products),  a  fast-setting,  high-strength  (3,950  psi 
compressive  strength)  concrete  patching  compound  consisting  of  sand,  cement,  and  additives 
to  promote  rapid  curing.  The  largest  sand  grains  were  about  0.04  inch  in  diameter.  Slabs 
were  fabricated  in  four  thicknesses  (0.5, 1, 2.5,  and  5  inches)  and  were  10  by  10  inches  square, 
transverse  to  the  thickness.  Layers  of  half-inch  wire  mesh  (hardware  cloth)  spaced  0.5  inch 
apart  over  the  thickness  were  used  for  the  reinforcement.  The  soft  steel  wire  used  in  the  mesh 
was  0.05  inch  in  diameter  (18  gauge).  There  were  1,2, 5,  and  10  layers  of  mesh  in  the  0.5-,  1-, 
2.5-,  and  5-inch-thick  slabs,  respectively.  The  targets  were  cured  7  days  prior  to  firing. 
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TEST  PROCEDURE 

The  projectiles  were  fired  from  a  smooth-bore  50-caliber  powder  gun.  Target  impact 
velocities  were  measured  in  the  gun  barrel  with  a  photo  diode  system  coupled  to  an  interval 
counter.  The  targets  were  placed  about  6  inches  from  the  end  of  the  barrel.  Exit  velocities 
from  the  target  were  determined  from  Kerr  Cell  photographs.  Projectiles  were  captured  in  a 
recovery  trough  filled  with  Celotex  slabs  placed  immediately  behind  the  targets.  The 
apparatus  is  described  more  fully  by  Goldsmith  and  Finnegan  * 


NORMAL  INCIDENCE  RESULTS 

Forty-eight  normal  incidence  firings  were  made.  Results  for  unfilled  and  filled 
projectiles  are  summarized  in  Tables  1  and  2,  respectively.  Photographs  of  the  projectiles 
after  normal  incidence  impact  are  shown  in  Appendix  A.  Projectile  deformation  is 
characterized  by  slight  mushrooming  at  the  nose,  development  of  a  bulge  near  the  front  of  the 
internal  cavity,  and  overall  shortening  of  the  projectile  length. 

Plots  of  exit  velocity  versus  impact  velocity  for  unfilled  and  filled  projectiles  are 
shown  in  Figures  2  and  3,  respectively.  Exit  velocities  are  higher  for  filled  projectiles,  as 
would  be  expected  from  their  greater  mass. 

Plots  of  radius  increase  at  the  nose  versus  impact  velocity  for  unfilled  and  filled 
projectiles  are  shown  in  Figures  4  and  5.  The  radius  increase  at  the  nose  appears  independent 
of  slab  thickness  and  presence  or  absence  of  filler.  The  single  line  drawn  through  the  points  is 
the  same  in  both  figures.  The  implication  is  that  the  radius  increase  at  the  nose  is  due  to  the 
high  transient  stresses  associated  with  initial  impact  with  the  slab  surface  and  occurs 
extremely  quickly.  By  the  time  differences  in  slab  thickness  or  projectile  filling  can  affect  the 
nose  through  propagation  of  stress  waves,  the  radius  increase  is  already  complete. 

Plots  of  radius  increase  at  the  cavity  bulge  versus  impact  velocity  for  unfilled  and 
filled  projectiles  are  shown  in  Figures  6  and  7.  Within  the  scatter  of  the  data,  the  radius 
increases  at  the  cavity  bulge  for  projectiles  impacting  1-,  2.5-,  and  5-inch-thick  slabs  are  the 
same  (and  indicated  by  a  single  dashed  line).  Bulging  of  projectiles  impacting  0.5-inch-thick 
slabs  is  considerably  less.  This  indicates  that  most  bulging  in  the  cavity  region  occurs  before 
the  projectile  has  penetrated  two  diameters  into  the  slab. 

Plots  of  decrease  in  length  versus  impact  velocity  are  shown  in  Figures  8  and  9. 
Again,  the  results  from  projectiles  impacting  1-,  2.5-,  and  5-inch-thick  slabs  are  the  same. 
This  is  not  surprising  because  much  of  the  decrease  in  length  is  a  consequence  of  formation  of 
the  bulge. 


*  W.  Goldsmith  and  S.  A,  Finnegan.  "Penetration  and  Perforation  Processes  in  Metal  Targets  At  and  Above 
Ballistic  Velocities,"  Inti.  J.  Mecfc.  Set.  Vol.  13  ( 197 1 ),  pp.  843  866. 
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OBLIQUE  INCIDENCE  RESULTS 

Thirty-six  firings  at  45  degrees  obliquity  were  made  against  the  0.5-,  1-,  and  2.5-inch- 
thick  slabs  only.  Results  for  unfilled  and  filled  projectiles  are  summarized  in  Tables  3  and  4, 
respectively.  Photographs  of  the  projectiles  after  oblique  incidence  impact  are  shown  in 
Appendix  B.  In  addition  to  mushrooming  at  the  nose  and  developing  a  cavity  bulge,  the 
projectiles  impacting  at  obliquity  also  bent  such  that  the  nose  of  the  projectile  was  canted 
with  respect  to  the  cylindrical  case. 

Plots  of  exit  velocity  versus  impact  velocity  for  unfilled  and  filled  projectiles  are 
shown  in  Figures  10  and  11,  respectively.  Exit  velocities  were  lower  for  the  oblique  incidence 
firings  due  to  the  greater  distance  traveled  by  the  projectiles  across  the  slab.  The  apparent 
decrease  in  exit  velocity  with  increasing  impact  velocity  for  the  filled  projectiles  against  2.5- 
inch-thick  slabs  may  be  due  to  the  extreme  bulging  of  these  projectiles. 

Plots  of  radius  increase  at  the  nose  versus  impact  velocity  for  unfilled  and  filled 
projectiles  are  shown  in  Figures  12  and  13.  Radius  growth  at  the  nose  was  less  for  the 
projectiles  fired  at  obliquity  where  the  entire  front  surface  does  not  contact  the  surface  of  the 
slab  simultaneously. 

Plots  of  radius  increase  at  the  cavity  bulge  versus  impact  velocity  for  unfilled  and 
filled  projectiles  are  shown  in  Figures  14  and  15.  Bulging  in  the  cavity  region  was  greater  for 
projectiles  fired  at  obliquity.  Also,  the  effect  of  slab  thickness  appeared  more  significant. 

Plots  of  bend  angle  ersus  impact  velocity  for  unfilled  and  filled  projectiles  are  shown 
in  Figures  16  and  17.  Bending  is  much  greater  for  filled  projectiles.  The  projectiles  were  not 
marked  prior  to  firing  so  the  direction  of  bending  could  not  be  determined.  However,  based  on 
previous  oblique  incidence  firing  data,3  it  is  probable  that  bending  was  such  that  the  leading 
edge  (side  of  front  surface  contacting  target  first)  moved  nearer  the  rear  of  the  case. 


PLUG  FORMATION 

It  has  been  shown  experimentally3  that  roughly  conical  plugs  of  target  material  form 
on  the  front  of  blunt  steel  projectiles  impacting  thick  plaster  of  Paris  and  simulated  concrete 
targets.  These  plugs  form  early  in  the  penetration  process  and  are  carried  along  by  the 
projectiles  until  they  come  to  rest.  Plugs  form  during  penetration  into  plaster  of  Paris  at  both 
normal  incidence  and  45  degrees  obliquity.  Only  normal  incidence  shots  were  made  against 
simulated  concrete  so  it  is  an  open  question  as  to  whether  plugs  form  at  obliquity  against  this 
target  material. 

The  presence  or  absence  of  a  plug  on  the  front  of  a  blunt  projectile  is  of  interest  with 
regard  to  the  determination  of  the  drag  force  exerted  by  the  target  material  on  the  projectile. 
This  force  can  be  expected  to  be  less  (and  its  distribution  different)  if  the  front  surface  is 


3  M.  E.  Backman,  S.  A.  Finnegan  and  K.  G.  Whitham.  The  Formation  of  Stagnation  Zones  in  Stable 
Penetrations  of  Brittle  Materials, "  in  Proceeding*  of  the  Sixth  International  Symposium  on  Ballistic*,  Orlando,  Fla., 
27-29  October  1991.  Columbus,  Ohio,  Battelle  Columbus  Laboratories,  1981 .  (Publication  UNCLASSIFIED.) 
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TABLE  3.  Unfilled  Projectile  Oblique  Incidence  Slab  Firing  Results. 


Slab 

thickness, 

in. 

Projectile 

mass. 

9 

Impact 

velocity, 

ft/s 

Exit 

velocity, 

ft/s 

Nose 

diameter, 

in. 

Cavity 

bulge 

diameter, 

in. 

Bend 

angle. 

deg. 

05 

mam 

1.807 

mmm 

■1 

■■ 

05 

1,842 

BH 

1.5 

0  5 

m 

2,150* 

0508 

2  5 

05 

1950 

2.165 

1,717 

0.510 

2  5 

0  5 

1966 

2,440 

1,974 

0.515 

30 

05 

1988 

2,467* 

1,934 

0510 

K£9 

30 

1.0 

19  77 

1.756 

1.013 

0.508 

0  511 

20 

1.0 

1968 

1.800 

1.052 

0  503 

0513 

20 

1.0 

19  71 

2,125 

1.330 

0506 

0560 

45 

1.0 

I960 

2,140 

0509 

0551 

3  5 

1.0 

1942 

2.440 

mSSmi 

0510 

b 

b 

1.0 

1935 

2,495 

mm 

0509 

b 

b 

2  5 

1968 

1.766 

0  504 

0  517 

20 

2  5 

1958 

1.800 

0  501 

0519 

2.5 

1967 

2.145 

0505 

0571 

60 

2  5 

1983 

2.170 

K3 ' 

0  506 

0565 

5.5 

2  5 

19  95 

2,310 

'mm  . 

0  504 

b 

b 

2.5 

19  54 

2.370 

mm 

0  507 

b 

b 

°  Estimated,  impact  velocity  could  not  be  determined 
b  Quantity  could  not  be  measured,  projectile  broke  up  or  damaged  too  badly 
c  Projectile  did  not  perforate. 
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TABLE  4.  Filled  Projectile  Oblique  Incidence  Slab  Firing  Rest 


Slab 

thickness, 

in. 

H 

Impact 

velocity, 

ft/s 

Exit 

velocity. 

ft/s 

Nose 

diameter. 

in 

Cavity 

bulge 

diameter 

in. 

0.5 

26.26 

1,773 

1,443 

0.503 

1  514 

05 

2604 

1,809 

1.484 

0  504 

0519 

05 

26.25 

2,085 

1.851 

0.506 

0.523 

05 

2621 

2,120 

1,787 

0508 

0548 

0.5 

26.07 

2,380 

2,027 

0511 

0576 

05 

26.07 

2,445 

2,081 

0510 

0591 

1.0 

26.10 

1,843 

1.260 

0  503 

0527 

1.0 

2616 

1,862 

1.284 

0503 

0  531 

1.0 

2623 

2,095 

1,524 

0  511 

0579 

1.0 

26.00 

2,170 

1.S94 

0  508 

0601 

1.0 

26.14 

2,365 

1.665 

0509 

0  686* 

1.0 

2608 

2,405 

1.713 

0512 

0  671* 

2  5 

2623 

1,813 

400 

0  504 

053$ 

2.5 

26.17 

1,818 

354 

0  503 

0538 

2.5 

2606 

2.125 

06 

0  504 

0670* 

2.5 

26.09 

2.130 

0b 

0.503 

0731* 

2.5 

26.23 

2,180 

c 

0.505 

c 

25 

■  i 

26.13 

2,235 

c 

0.508 

c 

°  Projectile  damaged,  measurement  uncertain, 
b  Projectile  did  not  perforate. 
c Quantity  could  not  be  measured,  projectile  broke  up. 
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Filled  Projectile*  After  Slab  Impact  at  45  Deo.  Obliquity. 
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shielded  by  a  plug  of  target  material.  To  shed  some  light  on  the  possible  formation  of  plugs  on 
the  projectiles  used  in  the  present  experiments,  an  examination  was  made  of  the  front 
surfaces  of  the  test  projectiles. 

Photographs  of  the  front  surfaces  of  two  projectiles  (which  can  be  taken  as  typical  of 
all  projectiles)  are  shown  in  Figure  18.  Both  projectiles  were  unfilled  and  were  fired  against 
1-inch  slabs  at  about  2,100  ft/s.  One  projectile  impacted  at  normal  incidence,  the  other  at 
obliquity.  After  being  photographed,  the  two  projectiles  were  sectioned  axially.  The  nose 
portions  were  then  mounted,  polished,  etched,  and  subsequently  studied  using  optical 
microscopy.  The  purpose  of  the  microscopic  examination  was  to  help  determine  flow 
directions  on  the  front  surface. 

The  central  region  of  the  front  surface  of  the  projectile  fired  at  normal  incidence 
(Figure  18a)  is  heavily  cratered,  probably  by  impacts  from  sand  grains  in  the  Thorite.  Much 
of  the  copper  plating  is  still  present.  Except  for  localized  areas  around  the  craters,  there  is  no 
evidence  of  flow  of  material  in  this  region.  Around  the  periphery  of  the  front  surface  (outside 
of  the  central  region)  are  a  number  of  radial  grooves.  These  are  indicative  of  flow  toward  the 
outer  edge,  and  microscopic  examination  confirmed  that  such  flow  did  occur.  The  grooves 
were  possibly  formed  by  the  abrasive  action  of  the  sand  grains  in  the  Thorite.  The  copper 
plating  has  been  almost  entirely  removed  from  this  portion. 

The  front  surface  of  the  projectile  fired  at  obliquity  (Figure  18b)  shows  a  pattern  of 
mostly  unidirectional  grooves  fanning  out  slightly  toward  the  bottom  of  the  photograph  (in 
the  direction  of  the  arrow).  Again,  the  grooves  were  probably  cut  by  the  scouring  action  of  the 
sand  grains.  Most  of  the  copper  plating  has  been  removed  from  the  front  surface.  Based  on 
the  photograph  it  would  appear  that  flow  was  in  the  direction  of  the  arrow.  However, 
microscopic  examination  of  the  sectioned  projectile  indicated  flow  in  the  direction  of  the  arrow 
over  the  lower  two-thirds  of  the  surface  with  some  flow  in  the  opposite  direction  in  the  upper 
third.  The  meaning  of  this  opposite  direction  flow  is  not  clear.  Possibly  it  is  a  remnant  of  an 
earlier  process.  Radial  grooves  are  visible  near  the  lateral  edge  of  the  surface.  It  is  likely  that 
the  radial  grooves  formed  first  because  some  of  the  unidirectional  grooves  appear  to  slice 
across  them.  Also  present  (but  perhaps  not  visible  on  the  reproduced  photograph)  are  two 
roughly  parallel  grooves  running  at  approximately  right  angles  to  the  unidirectional  grooves. 
These  are  believed  to  be  imprints  of  the  reinforcing  wires  striking  the  front  surface. 

With  regard  to  plug  formation  on  the  front  surface  of  projectiles  in  the  current  tests, 
the  following  speculations  can  be  made. 

1.  The  lack  of  flow  on  the  central  region  of  the  front  surface  for  projectiles  fired  at 
normal  incidence  is  consistent  with  the  presence  of  a  stagnation  zone  which,  in  turn,  is 
indicative  of  the  presence  of  a  plug.  The  radial  flow  near  the  periphery  indicates  that  either 
this  plug  never  covered  the  entire  front  surface  or  it  did  at  one  time  and  was  subsequently 
eroded  away. 

2.  The  unidirectional  nature  of  the  flow  across  the  front  surface  of  projectiles  fired  at 
obliquity  argues  against  the  presence  of  a  plug  on  this  surface.  However,  it  is  possible  that  a 
plug  could  have  formed  early  and  been  swept  ofT  the  surface  later.  The  radial  grooves,  which 
apparently  formed  before  the  unidirectional  ones,  are  consistent  with  this  possibility. 
Bending  of  the  projectiles  so  that  the  front  surface  is  no  longer  perpendicular  to  the  direction 
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of  motion  may  help  initiate  the  transverse  flow.  The  projectiles  used  in  the  report  cited  in 
footnote  6,  on  which  plugs  formed  during  oblique  penetration  of  plaster  of  Paris,  did  not 
deform  or  bend. 


CONCLUSION 

The  results  of  this  experimental  study  provide  a  broad  data  base  which  can  be  used  for 
verification  of  finite  element  structural  analysis  procedures.  Some  conclusions  that  can  be 
drawn  from  the  results  of  this  study  are 

1.  Mushrooming  of  the  nose  for  the  projectiles  tested  occurs  very  quickly  and  is 
associated  with  initial  transients.  The  degree  of  mushrooming  is  significantly  greater  for 
normal  incidence  impacts  where  the  target  surface  contacts  the  entire  front  surface  of  the 
projectile  simultaneously. 

2.  Development  of  a  bulge  in  the  cavity  region  occurs  more  slowly.  Bulge  shape  is 
strongly  affected  by  the  presence  or  absence  of  filler. 

3.  Bending  in  oblique  impacts  is  strongly  influenced  by  the  presence  or  absence  of 

filler. 

4.  It  is  likely  that  plugs  of  target  material  formed  on  the  front  of  the  projectiles  fired 
at  normal  incidence.  Projectiles  fired  at  obliquity  either  never  had  plugs  or  these  were  wiped 
off  at  a  later  stage  of  the  penetration  process. 


NWCTP  6501 


Appendix  A 

PHOTOGRAPHS  OF  PROJECTILES  FIRED  AT  NORMAL  INCIDENCE 
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(a)  1,795  ft/s 


(b)  1,800  ft/s 


(c)  2,110  ft/s 

FIGURE  A-1.  Photographs  of  Unfilled  Projectiles  After 
Normal  Incidence  Impact  Against  0.5*lnch-Thick  Slabs. 
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(d)  2,135  ft/s 


(e)  2,370  ft/s 


(f)  2,400  ft/s 

FIGURE  A-1.  Contd. 
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(a)  1,785  ft/s 


(b)  1,840  ft/s 


(c)  2,110  ft/s 

FIGURE  A-2.  Photographs  of  Unfilled  Projectiles  After 
Normal  Incidence  Impact  Against  1 -Inch-Thick  Slabs. 
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(a)  1,765  ft/s 


(b)  1,800  ft/s 


(c)  2,055  ft/s 

FIGURE  A-3.  Photographs  of  Unfillad  Projectiles  After 
Normal  Incidence  Impact  Against  2.5-Inch-Thick  Slabs. 


(e)  2,365  ft/s 


T 


(f)  2,470  ft/s 

FIGURE  A-3.  Contd. 
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(a)  1,805  ft/s 


(b)  1,810  ft/s 


(c)  2,130  ft/s 

FIGURE  A-4.  Photographs  of  Unfilled  Projectiles  After 
Normal  Incidence  Impact  Against  Wnch-Thick  Slabs. 
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(d)  2,160  ft/s 


(e)  2,410  ft/s 


(f)  2, 425  ft/s 

FIGURE  A-4.  Contd. 
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(a)  1,770  ft/s 


(b)  1,785  ft/s 


(c)  2,070  ft/s 

FIGURE  A-5.  Photographs  of  Filled  Projectiles  After 
Normal  Incidence  Impact  Against  0.5-lnch-Thick  Slabs. 
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(d)  2,135  ft/s 


(e)  2,380  ft/s 


(f)  2,181'  ft/s 

FIGURE  A-5.  Contd. 


NWCTP  6501 


(a)  1,825  ft/s 


(b)  1,840  ft/s 


(c)  2,070  ft/s 

FIGURE  A-6.  Photographs  of  Filled  Projectiles  After 
Normal  Incidence  Impact  Against  1 -Inch-Thick  Slabs. 
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(d)  2,105  ft/s 


(e)  2,370  ft/s 


(f)  2,380  ft/s 

FIGURE  A-«.  Contd. 
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(d)  2,120  ft/s 


(e)  2,360  ft/s 


(f)  2,410  ft/s 

FIGURE  A-7.  Contd. 
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(a)  1,770  ft/s 


(b)  1,775  ft/s 


(c)  2,045  ft/s 

FIGURE  A-8.  Photographs  of  Filled  Projectiles  After 
Normal  Incidence  Impact  Against  5-lnch-Thick  Slabs. 


(d)  2,130  ft/s 


(e)  2,380  ft/s 


(f)  2,400  ft/s 

FIGURE  A-8.  Contd. 


NWCTP  6501 


Appendix  B 

PHOTOGRAPHS  OF  PROJECTILES  FIRED  AT  45  DEGREES  OBLIQUITY 
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(a)  1,807  ft/s 


(c)  2,150  ft/s 

FIGURE  B-1.  Photographs  of  Unfilled  Projectiles  After 
Impact  Against  0.5-Inch-Thick  Slabs  at  45  Degrees  Obliquity. 
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(d)  2,165  ft/s 


(e)  2,400  ft/s 


(f)  2,440  ft/s 

FIGURE  B-1.  Contd. 
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''C-tr  r 


(a)  1,756  ft/s 


(b)  1,800  ft/s 


(c)  2,125  ft/s 

FIGURE  8*2.  Photographs  of  Unfilled  Projectiles  After 
Impact  Against  1 -Inch-Thick  Slabs  at  45  Degrees  Obliquity. 
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(d)  2,140  ft/s 


(e)  2,440  ft/s 


(f)  2,495  ft/s 

FIGURE  B-2.  Contd. 
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(d)  2,120  ft/s 


(e)  2,380  ft/s 


(f)  2,445  ft/s 

FIGURE  B-4.  Contd. 


nouns  t-S.  Photographs  of  Filled  Projectiles  After 
Impact  Against  1 -Inch-Thick  Slabs  at  45  Oagraas  Obliquity. 
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(d)  2,170  ft/s 


(e)  2,365  ft/s 


(f)  2,405  ft/s 

FIGURE  B-5.  Contd. 
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(a)  1,813  ft/s 


(b)  1,815  ft/s 


(c)  2,125  ft/s 

FIGURE  8-6.  Photographs  of  Filled  Projectiles  After 
Impact  Against  2.5-Inch-Thick  Slabs  at  45  Degrees  Obliquity. 
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1 


(d)  2,130  ft/: 


(e)  2,180  ft/s 


(f)  2,235  ft/s 


FIGURE  B-6.  Contd. 
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